A major research topic within molecular evolution studies is to understand more about the causes of the molecular evolutionary patterns that are recorded within and between taxa. The amount of germ cell divisions in females and males causes the majority of mutations, during DNA replication, that impact molecular evolution. In an XX female and an XY male system of diploid animals, the autosomes come in duplicates, with one copy from the male and female parent. Because of this, the idea that evolution is driven by male mutations has become increasingly more likely. This paper looks at the different male-mutation rates and determines that the male-mutation rate is much higher than female-mutation rates. Ry/a to be approximately 2.2, which means that Ry is approximately −24.2. From software analysis, x was approximated to be about 0.5. And since x and Ry are known, Ry/x was determined to be −49. The results for this paper show the calculated Rx/a and Ry/a are similar to the results of another study, but they are unique in that they produced a relatively high negative number for the Ry/a, which was about −49. This provides evidence that the male-mutation rate is higher than the female-mutation rate. This is interesting because this suggests that, from the data, the mutation rate in males is the defining force in molecular evolution. And because the rate goes beyond the prescribed model, future models of molecular systems will need to consider the rate of male mutations, as well as clarifying this male-mutation rate and calculating the rate of mutation in other sex-determinant systems.
Introduction
A major focus of molecular evolutionary studies is to understand more about the causes of the molecular evolutionary patterns that are recorded within and between taxa. Through studies of sex-linked loci, there has been more recorded information on how important the molecular forces (mutations, genetic drifts, selection, recombination) are relative to one another in changing the molecular variations of a species over time. At first, it was thought that the male-mutation rate should be higher than females due to males having a larger number of germ cell divisions (zygote to gamete) [1] (Figure 1 ). The study of sex-linked genetic diseases has been very influential in the study of the male-to-female mutation ratio (α) [2] [3] . The data from these studies provide support for the hypothesis that males have a higher rate of mutation (in humans). However, the studies are limited in the sample size of genes considered, the types of genes considered, and their relationship to sex-linked gene evolution within other taxa.
Through the assumption that the amount of germ cell divisions in females and males and those mistakes in DNA replication are the majority of mutations that impact molecular evolution, a model was presented that hypothesis replication-driven evolution [4] . Given a XX female and a XY male system of diploid animals, the autosomes come in duplicates, with one copy from the male and female parent. As the chance that a certain pair of autosomes carried by any given male and female is 50%, the mutation rate per generation of autosomes is proportional to (α + 1)/2, given a long evolutionary timeline [5] . However, the expected mutation rate per generation for the Y chromosome is α. This is because the Y chromosome is only carried by the male. Females carry two X chromosomes. Males have one X chromosome. As such, the theoretical mutation rate per generation for the X chromosome is represented by (α + 2)/3 [3] . Because of all of this, it follows that the ratio of the sex-linked rate to the autosomal mutation rate (let it be called ®) is Rx/a = (2/3 (2 + α)/(1 + α)) for the X-linked genes. For the Y-linked genes, it is Ry/a = 2 α/(1 + α). In extreme cases of α, which is proportional to the rate of germ cell divisions in males to females, is much greater than unity, then Rx and Ry/a will approach 2/3 and 2, respectively [2] . Figure 1 . Phylogeny of Species. This phylogeny describes the relationship between the six mammalian species that were looked at over the course of this study. From the phylogeny, we see that the phylogeny splits up into two main clades. And that it subsequently divides into three sub-clades. Rats and mice form their own sub-clade. Humans and orangutans form their own sub-clade. And the Squirrel monkey serves as an in-between amongst these main sub-clades. In order to test these models, comparisons of rates of synonymous divergence between identified sex-linked and autosomal genes in humans and mice was conducted. These studies calculated that Rx/a = 0.60 and Ry/a = 2.2 [6] . This suggests that α is large. Another study calculated a similar result from Rx/a, which was 0.61 [7] . In this study, the synonymous rates in X-linked and autosomal genes were compared between mice and rates. The results from these studies suggest that the molecular evolution of genes within mammals is a male-driven occurrence. However, manifold variation in synonymous substitution rates between different genes can bias and impact the achieved rate
This is caused by sampling a limited number of non-homologous genes.
There were two studies used in this paper with different amounts of X-linked genes. In the first study discussed, 4 X-linked genes were used. In the second study discussed, 11 X-linked genes were used. In addition, the rates of synonymous substitution of X-linked genes were hypothesized to be less than autosomes. This was mainly due to the fact that the increased impact of selection against deleterious X-linked alleles because of haploidy in males and the smaller population size (defined as one) of the X chromosome would decrease the rate (Charlesworth et al. 1987) . The impact of the NE can be accounted for relative to drift. But it cannot be accounted for in the increase of effectiveness of weak selective constraints (defined in Nes) on synonymous sites [8] .
In order to address the problem of contrasting synonymous rates between non-homologous genes, this paper will address the problem of male-driven evolutionary phenomen between ZFX and ZFY. ZFX and ZFY are a homologous pair of zinc-finger DNA binding motifs with proteins found on the X and on the Y chromosomes within mammals [9] . In this pair of genes, the ratio of the Y-linked over the X-linked mutation rates is expected to be modeled by the theoretical model Ry/a = 3α/(2 + α). This theoretical model approaches 3 when α >>> 1 [8] [9] . Also, this paper uses the fact that there exists autosomal duplication of ZFX, names ZFA, in order to verify previous calculations of α based on X/Y-autosome comparison. In addition, to avoid the chance of weak selections on synonymous sites, this paper will investigate sequence divergences of an intron of ZFX and ZFY.
Materials and Methods

Mammal Gene Sequences
DNA sequences from six species of mammals. These species are: 
Hyphy
HyPhy (Hypothesis Testing using Phylogenies) is an open-source software package for the analysis of genetic sequences (in particular the inference of natural selection) using techniques in phylogenetics, molecular evolution, and machine learning [13] . The paper uses this software to compare the independent and dependent phylogenies through the use of a bootstrap analysis. The bootstrap was run within normal and default parameters. In the bootstrap, the minimum number of simulation recommended was 100. The program allows 100 -1000 simulations. For this analysis, 550 simulations were run. The simulations calculated the LR value. The LR value is the likelihood ratio, defined as 2 (log L− log L0), where LA is the likelihood for the alternative hypothesis, L0 is the likelihood for the null hypothesis (refer to the documentation for HyPhy) [9] [12].
A simulation in the bootstrap is to pick random sites from the original sequence with replacement, rebuild the phylogenetic tree for two hypotheses, calculate the log likelihood and generate one likelihood ratio. The goal is to see the likelihood ratio from the data fall into the empirical distribution. In the program, the null hypothesis was entered and the alternative hypothesis [7] . A null hypothesis supports the hypothesis that there is no significant difference between specified population; that any observed difference being due to sampling or experimental error. The alternative hypothesis supports the hypothesis that there is a significant difference between specified population and that these differences share a cause. If the p-value is really small, ~p < 0.0005, the null hypothesis is rejected.
The possibility of proximal and distal genes evolving independently as the alternative hypothesis. And the possibility of proximal and distal genes evolving independently as the null hypothesis [9] . The MEGA software was also used to align and organize the DNA before the phylogenies were created.
Phylogeny.fr
The Phylogeny.fr platform transparently chains programs perform complex genomic and proteomic phylogenetic analyses. It is run by the Reseau National de Genopoles. Phylogeny.fr offers three main modes [13] . The "One Click" mode targets non-specialists and provides a ready-to-use pipeline chaining programs with recognized accuracy and speed: MUSCLE for multiple alignments, PhyML for tree building, and TreeDyn for tree rendering. All parameters are set up to suit most studies, and users only have to provide their input sequences to obtain 
Mathematica
Wolfram Mathematica is a modern technical computing system spanning all areas of technical computing-including neural networks, machine learning, image processing, geometry, data science, visualizations, and others. The system is used in many technical, scientific, engineering, mathematical, and computing fields. In this experiment, this software was used in order to look at the similarity index between branches on a phylogeny [14] . It would then go through and calculate the average similarity index between the branches, the clades, and the entire phylogeny. This would eventually lead to the calculation of α [6] [13] [15] .
Results
Experimental Lay-Out
For this experiment, it began by retrieving all coding regions and aligning the correct number of sites. The regions were obtained (either complete cds or partial exons) from Genbank for ZFX and ZFY genes for the following species ( Figure 1 ). The phylogeny of the species is as shown below. This phylogeny was reworked into Newick form and saved (Supplemental 1). After which, a file was created that combined the ZFX and ZFY gene sequences. After which, these files were converted into FASTA format files with all the sequences (Supplementary Data 1). After which, the MEGA7 software was used in order to align the sequences using the ClustalW operation [15] .
After this alignment, the portion of the alignment that contained all the sequences for all the species was selected. This region consisted of about 1346 sites (Supplementary Data 2). Since this experiment involved synonymous/nonsynonymous rates, the area of ~1300 sites was re-aligned so that all of the sequences were in the correct frame.
The MEGA7 software was then used to create the phylogenies based off of these genomic regions. These phylogenies would be the ones used in the HyPhy analysis ( Figure 3 and Figure 4 ). These phylogenies were created using the default options on the MEGA7 software. The phylogenies created from the MEGA7 software were then compared to another set of phylogenies. These phylogenies were made using the phylogeny.fr software. The purpose of making more than one set was to compare the different phylogenies. This would result in Figure 5 and Figure 6 ). For the rest of the analysis, the phylogenies found in figures five and six will be the ones used in the HyPhy analysis.
Using this same FASTA file, this was uploaded onto HypHy and partitioned [16] . Since the aim is to calculate the rate of evolution along all the terminal branches, the partition type selected was "codon". For the tree, this paper considered Figure 6 and Figure 7 as the phylogenies that were included in the HyPhy calculations. For the substitution model, the chosen model was GY94_3x4. This was chosen from a best-fit model calculated from the MEGA7 software. The equilibrium parameter is set to "partition." After this, a function was created from these parameters (Supplemental 2). From these parameters, HyPhy calculated the evolutionary rates for all the branches (Supplemental 3). This gives us the rates for rates of nucleotide substitution in the X-linked and Y-linked zinc finger genes. . Evolutionary relationships of taxa using all genetic samples. The evolutionary history was averaged using the Neighbor-Joining method. The phylogeny with the average of branch length was 4.79392861, which is the average branch length in the tree. The computational analysis required 25 nucleotide sequences. All the possibilities that contained gaps and missing data were eliminated. There 610 positions within the terminal dataset. Figure 6 . Evolutionary relationships of taxa using intron genetic samples. The evolutionary history was estimated using the Neighbor-Joining method. The tree of choice was determined with the average sum of branch length method. This was calculated to be 0.61897064, and it is demonstrated from the figure above. The analysis took advantage of 13 nucleotide sequences. All the possible positions containing gaps of missing data and/or information were eliminated. There were 846 recorded positions in the final dataset from the intron genetic samples. Evolutionary computation analyses and calculations were done using the MEGA7 software. Figure 7 . Evolutionary relationships of taxa using non-intron genetic samples. The cumulative evolutionary history was detected and computed using the Neighbor-Joining method. The tree of best fit was one with an average sum of branch length = 2.37315259. The analysis was conducted from a set of 11 nucleotide sequences. Codon positions included developed from 1st + 2nd + 3rd + Noncoding strands. All positions with gaps and missing data were removed from the dataset before the calculated rates of average change. There were a total of 676 positions in the terminally calculated dataset. Evolutionary analyses were conducted in MEGA7.
The next step was evaluating the male-driven evolution hypothesis using ZFX and ZFY intron sequences. For this process, a similar process was conducted as with the gene samples above. For this, the phylogeny was used in the HyPhy software was Figure 6 . The final evolutionary rates are shown in Supplemental 4 and Supplemental 5.
Calculation of Evolutionary Coefficients
After the conclusion of the HyPhy analysis, the information of the genetic similarities was then saved and uploaded to Mathematics. Using the data analysis software available, the synonymous and nonsynonymous rates for the intron zinc finger genetic samples were calculated ( Figure 8 and Figure 9 ) [17] .
Mathematica was then used to calculate the Ry/x ratio. It would then go through and calculate the average similarity index between the branches, the clades, and the entire phylogeny. This would eventually lead to the calculation of α [18] [19] . Since the Rx/a equation is known, it can be re-written so that Rx = (((2/3)(2 + a)(a))/(1 + a)) [20] . From the Mathematica function, α was approximately −10.874575054845. However, for the rest of the paper, this will be referred to as −11. But in the calculations, the exact value was used. From this, Rx was calculated 0.592947503738, but it will be rounded to 0.6. We see that α ~ −11 and Rx ~ 0. 
Analysis of the Phylogenies
In the Intron phylogeny, we see that there are five sub-clades that are formed closely related to X53520.1. It would be more reasonable for it to be closely related to X58934.
In the cumulative phylogeny, we see that there are six main sub-clade that are formed ( Figure 5 ). In the first one, we have X58935.1-X58923.1 ( Figure 5 ). In the second sub-clade, we have X58927.1 and X58933.1 ( Figure 5 ). In the third sub-clade, we have X58926.1-X58936.1 ( Figure 5 ). In the fourth clade, X58934.1 and X58929.1 are considered ancestors ( Figure 5 ). In the fifth sub-clade, X58972.1 and M24401.1 are considered related ( Figure 5 ). In the sixth sub-clade, X58976.1-X58908.1 are considered related ( Figure 5 ). Again, in this cumulative phylogeny, we also see some unforeseeable overlap between genetic species that we would not have considered to be related. For example X58931.1 and M24401.1 form their own separate sub-clade. This is interesting because it would have been through that X58931.1 would be apart of the larger sub-clade above with, with members of the X5 family. A similar thing could have been expected from the M24401.1 sample.
Analysis of Tree Length Averages
From the tree length averages, we went on to quantify them and performed a statistical analysis on the samples (Supplemental 4, Supplemental 5). From this, we got Figure 8 and Figure 9 . In Figure 8 , we see that a tree with a mean length of 3 and with value of 5 is the most common type of relationship among the phylogenies (Figure 8) . There also appears to be a left-skewing of the data.
This might come from the fact that there are more samples of this data set that have length averages between 1 -3. This was the phylogeny from the Zinc Finger gene (Figure 8 ). For the Intron gene family, we see that there is more of a standard distribution to the results. We see that the most common relationship among the clades is when the averages of the branches is between 2 -3, inclusive, and the branch length constant 3.3333. There are other groups that have larger and influential datasets within this graph ( Figure 9 ). Looking at trees that are an average of 12 long, with a branch length of 2.6777, this appears to be a major deviation from the results of the Zinc finger, which didn't have many branches above the length of 4 ( Figure 9 ). And in the intron graph, there appears to be a pattern in the middle ( Figure 9 ). We see that the branch goes from 1.33, to 0, to 1333, to 0. In general this graph appear to have standard distribution (Figure 9 ).
Discussion
The results obtained by this paper are similar to results from other studies conducted. We calculated Rx to be 0.592947503738, but it will be rounded to 0.6.
We see that α ~ −11 and Rx ~ 0. This provides evidence that the male-mutation rate is higher than the female-mutation rate [13] [15] [24] . This is interesting because this suggests that, from the data, the mutation rate in males is so high that it actually goes off of the limit prescribed by the mathematical model. This means that we would need more data to accurately describe the male-mutation rate.
The potential problems and limitation that come from using the ZFX/ZFY system for evaluating male-driven evolution hypothesis is that the ZFX/SFY system needs to be considered in conjunction with other genetic systems for the most accurate data. The reason why looking at the ZFX/ZFY system is limiting is because of the fact that this is not the only evolving and mutation system in the human body. By limiting our point of comparison to just one system, we cannot make a conclusion about which gender has the higher mutation rate. It would be better to look at a large range of genetic systems that are involved in the reproduction process for the best quality data on this process.
Another issue that arises is whether or not the mutations that come from the system are influential or not in the reproduction process. The hypothesis is that higher male-mutation rates contribute more to the evolution of female-mutation rate. This causes male-mutation driven evolution. However, in order for this to be the case, there needs to be a way of measuring the impact of mutations. Not every mutation is the same. As shown here, this paper shows that the male-mutation rate is higher than the female-mutation rate. However, there needs to be a way of showing that male mutations are influential or preferred in the reproductive process.
The major advantages of using synonymous rates in these two rates are influential in the male mutation process. And by looking at these rates, it is possible to get an accurate depiction of α. In addition, synonymous rates are universal among species, meaning that it is easier to compare synonymous rates from different species than it is to do the same with intron rates [14] [18] [24] .
The major disadvantage of using synonymous rates is that selection restricts nonconservative synonymous rates. This is important to consider because this causes a statistical bias. In order to calculate the most accurate α, it is necessary to look at both nonconservative and conserved synonymous rates. By only looking at one, the data becomes skewed.
The advantage of looking at intron rates is that intron may be related to mRNA movement and chromatin assembly. And the length of introns matters when it comes to evolution. This means that looking at the intron might give more insight into the evolutionary impact that male mutations do [12] [20] [25] .
The major disadvantage of intron rates is that they are limited to specific species and are variable. All of the completely sequenced eukaryotic harbor introns in the genomic structure, whereas no prokaryotes identified so far carry introns.
Second, the amount of total introns varies in different species [23] . Third, the I believe that using intron rates is more beneficial when comparing samples among the same species or similarly related sister species. However, for the most part, I believe it more useful and beneficial to use synonymous rates when comparing many different species that might or might not be related. For this experiment, the synonymous rates might better reflect the true male-mutation rate [19] .
The difference in male-mutation rates between rodents and primates is a generation-time effect that comes from a meaningful biological different that has increased overtime. First, the difference between rodent and primate α is best explained by the generation-time effect. As males produce gametes continuously throughout adulthood, the number of germline cell divisions increases with paternal age; the number of female germline cell divisions is, by contrast, insensitive to age. Species with longer generation times, therefore, experience greater discrepancies in the number of germline cell divisions between the sexes. Given the difference in generation times, we expect α to be higher in humans than in rats. Moreover, if α has evolved with generation time, then the human-rat α represents a long-term average over the deep branches connecting the two species. Most of the divergence history between humans and rat is undoubtedly characterized by short generation times and, hence, small α, as the long generation times of hominoids evolved recently. For the same reason, estimating α from human-macaque divergence might not accurately reflect α for recent human or chimpanzee molecular evolutionary history. Indeed, genome-scale data show that male-biased mutation is considerably lower in Old World monkeys than in hominoids. Second, two notably low estimates of α from X and Y chromosome sequence data in humans A study noted that the repeat-based analysis failed to correct for multiple substitutions and made the false assumption that repetitive elements in the same subfamily are the same age [14] [16] [21] .
For future research directions, male-driven evolution can be tested by looking at other sex determination systems in larger evolutionary contexts. For example, using the data from the ZFX/ZFY study conducted here, it would be beneficial to look at the SMCY/SMCY system. This is another sex determination system that has more information on the male-mutation rate. In addition, looking at the mitochondrial and chromosomal DNA sequences within an evolutionary context would also produce information that could further test the male-driven evolution hypothesis [14] .
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This table describes the Newick form of the Zinc finger and Intron sequences. This format was given by the MEGA7 software, which converted the sequence into Newick format. This was used in the lab to build the phylogeny for the HyPhy software. The ZFX gene on the X chromosome is structurally similar to a related gene on the Y chromosome. It encodes a member of the krueppel C2H2-type zinc-finger protein family. The full-length protein contains an acidic transcriptional activation domain (AD), a nuclear localization sequence (NLS) and a DNA binding domain (DBD) consisting of 13 C2H2-type zinc fingers. Studies in mouse embryonic and adult hematopoietic stem cells showed that this gene was required as a transcriptional regulator for self-renewal of both stem cell types, but it was dispensable for growth and differentiation of their progeny. Multiple alternatively spliced transcript variants encoding different isoforms have been identified, but the full-length nature of some variants has not been determined. The ZFY gene is on the Y chromosome that is similar to the ZFX gene in every other regard.
Supplemental 2. Branch lengths of indox and zinc finger genes in figure six. columnHeaders = {{"Length","Branch;1;10;11;12;13;2;3;4;5;6;7;8;9"}}; tableData = { {0.05010068441289961} {0.3714184652550603} {4.931518988834103} {0.4299480197153737} {0.1522065179520734} {0.06345844241541707} {0.05006735938485853} {0.06327432886419679} {0.0617543634374266} {0.0633619613606832} {0.05118810449541206} {0.08467604239294882} {0.1194693255807737} }; OpenWindow (CHARTWINDOW,{{"Branch Length Distribution for New_Tree"} {"columnHeaders"} {"tableData"} {"Bar Chart"} {"Index"} {"Length"} {"(null)"} {"(null)"} {"(null)"} {"0"} {""}
